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Effects of Selected Assistive Devices on Normal 
Distance Gait Characteristics 
CHUKWUDUZIEM U. OPARA, 
PAMELA K. LEVANGIE, 
and DAVID L. NELSON 
The purpose of this study was to investigate the effects of selected assistive 
devices on normal standards of gait. The gait characteristics of stride length, 
step length, step width, and foot angle were analyzed for 24 right-dominant, 
healthy men under four conditions: right ankle-foot orthosis (AFO), right hemi-
plegic arm sling (HAS), both devices (AFO+HAS), and no devices. The dependent 
variables were measured by a standard method from ink traces left by subjects 
walking on newsprint. Order of conditions was controlled, and cadence remained 
consistent across all four conditions for each subject. The AFO and AFO+HAS 
conditions produced statistically significant changes from normal gait character-
istics. The HAS alone did not produce significant changes. Data from the study 
may be used as a basis for goal setting and as a guideline for the optimal level 
of function possible for a person wearing these devices. The extent of the 
patient's orthopedic and neurologic involvement should of course be considered. 
Key Words: Gait, Orthotic devices, Physical therapy. 
A primary objective of most physical 
therapy services is to maximize the pa-
tient's abilities. Physical therapists fre-
quently use assistive devices, modalities, 
or interventions that effectively raise the 
patient's functioning levels. These de-
vices, however, may simultaneously pre-
vent the attainment of ideal function. 
Therefore, goal setting for the patient 
would be enhanced by a knowledge of 
the optimal level of function that can be 
expected under the conditions of the 
intervention. What level of function can 
reasonably be expected if the patient 
wears a specific assistive device? Contin-
uing physical therapy services could be 
based on achieving a specified optimal 
level rather than on aiming for the ideal 
level of function. 
In rehabilitating the hemiplegic pa-
tient, therapists concentrate on the pa-
tient's attainment of optimal ambula-
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tion. Goal setting in ambulation should 
take into account not only the patient's 
handicap but also the effects of any in-
tervention. Two assistive devices some-
times used with hemiplegic patients are 
the ankle-foot orthosis (AFO) and the 
traditional hemiplegic arm sling (HAS). 
The purpose of this study is to identify 
the effects of these assistive devices on 
normal standards for gait. These devices 
might preclude perfectly normal gait in 
healthy people, although they partially 
correct patterns of gait used by patients 
with hemiplegia. 
Researchers and clinicians have not 
agreed on the exact effects of the HAS 
in the rehabilitation of stroke patients. 
This sling has been used predominantly 
for preventing subluxation of the gle-
nohumeral joint. Among many argu-
ments against the HAS, some studies 
have shown that the sling interferes with 
the distribution of body weight and in-
hibits attaining or maintaining a normal 
walking pattern because the sling posi-
tions the arm in front of the body.1-3 
Delwaide et al monitored electromyo-
graphic (EMG) responses in healthy 
subjects and showed that the position of 
the upper limb induced lower limb re-
flexes even though the upper limb mus-
cles had EMG quiescence.4 Positioning 
the arm in an arm sling may cause a 
deviation from normal gait by inducing 
compensatory patterns. In healthy indi-
viduals, arm swinging appears to coun-
teract excessive horizontal trunk rota-
tion. A limitation of arm swing by use 
of the HAS may result in a lack of the 
counter effect, which, in turn, affects 
gait. 
The AFO is widely accepted by clini-
cians and researchers.5-7 Friedland 
found that an AFO, such as the double 
upright, improved the subject's gait con-
siderably and was also cosmetically ac-
ceptable.2 The brace facilitates safe, ef-
fective ambulation with minimum en-
ergy expenditure, especially for patients 
with marked weakness around the ankle 
and foot.8 Magora et al, however, 
warned that the standard rigid lower 
limb brace produces changes in the con-
tralateral lower extremity that may ex-
plain the early degenerative osteoar-
thritic changes, discomfort, and fatigue 
felt by many patients in the unbraced 
limb.9 Smidt and Mommens supported 
this line of thought when in a study of 
the influences of some ambulatory aids 
on gait, they concluded that the use of 
assistive devices tends to increase the 
vertical loading on the body structures.10 
Given the use in rehabilitation of the 
HAS and the AFO, clinicians need to 
know the optimal level of ambulatory 
function that can be expected of patients 
using one or both of these devices. Any 
changes produced in normal gait by 
these assistive devices should be antici-
pated in a patient's gait. This "modified" 
gait represents the best that the average 
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patient should be able to achieve; expec-
tations should be further modified by 
the extent of the handicap. 
Distance gait factors have been iden-
tified as one class of variables of impor-
tance in quantitative gait evaluation.11 
We chose the gait characteristics of 
stride length, step length, step width, and 
foot angle for our study. These charac-
teristics are measurable by clinicians 




Twenty-four men between the ages of 
20 and 55 years were recruited from the 
university community. We deemed the 
wide age range acceptable because we 
compared the subjects with themselves 
in a Latin Square design using repeated 
measures. Only those whose reported 
height, weight, and age fell within the 
optimal range on a height-weight chart 
as listed by the Metropolitan Life Insur-
ance Company were accepted for the 
study. The subjects were allowed ample 
time to read and sign an approved in-
formed consent form. Right dominance 
was determined by the choice of hand 
used to sign the consent form and by 
kicking accuracy. Subjects wore their 
own shoes. 
Procedure 
Each subject's comfortable free-walk-
ing speed was established by letting him 
walk twice back and forth along a 30-
ft* walkway. The light of a metronome 
was synchronized to his steps. This 
cadence was maintained for all testing 
conditions. All cadences fell within 
norms established for men.11 
Subjects were randomly assigned to 
four groups of equal size. Subjects from 
each group experienced all four experi-
mental conditions. Each group, how-
ever, experienced the conditions in a 
different order (in accordance with the 
Latin Square design). The four condi-
tions were no devices, HAS alone, AFO 
alone, and AFO and HAS (AFO+HAS) 
simultaneously. 
The HAS (Fig. 1) had a sliding buckle 
and metal loops for adjustment and a 
thumb-loop in the wrist-hand support. 
One-hundred-degree elbow flexion was 
maintained. The AFO was the double 
* 1 ft = 3048 m. 
upright, universal short leg brace with-
out stops. 
Assistive devices were worn on the 
right limbs only. Two 8.00- x 0.76-m 
walkways of newsprint were secured to 
the floor for each subject. Before starting 
the test, we affixed two strips of mole-
skin to the soles of both shoes in the 
middle of the widest point of the fore-
foot and at the midpoint of the heel 
(Fig. 2). The moleskin strips were 
soaked in water-based ink, and the sub-
ject walked the length of the walkway to 
the beat of the metronome. Each walk-
way recorded two of a subject's four 
trials. The particular experimental con-
dition was noted on the walkway. The 
two trials were differentiated by ink 
colors and direction of footprints. The 
subject rested for 10 minutes between 
trials while the shoe pads were resoaked 
and the appropriate assistive devices 
were put on or taken off. 
All measurements were based on the 
mean of the four strides after the first 
two steps. Stride lengths were measured 
as the linear distances between two con-
secutive heel-pad prints of the same 
foot. Step lengths were measured as the 
linear distances between one heel-pad 
print and the subsequent contralateral 
heel-pad print. Step width was measured 
as the distance between one heel-pad 
print and the opposite line of progres-
sion. (The line of progression is a line 
joining two consecutive heel-pad prints 
of the same foot.) Foot angle was meas-
ured as the angle formed by the line of 
progression and the line joining the mid-
points of the heel and the forefoot pad 
prints of the same foot.11-15 
Data Analysis 
To test for differences between the 
four experimental conditions experi-
enced in four different orders, we 
planned a two-way analysis of variance 
(ANOVA) with one repeated measure 
for each dependent variable (conditions 
x orders). If main effects for conditions 
were found, we planned a Newman-
Keuls post hoc analysis. 
RESULTS 
Table 1 gives a descriptive summary 
of results. These scores are consistent 
with values of normal gait as obtained 
by other investigators.111516 Pearson 
product-moment correlations indicated 
insignificant correlations between ca-
dence and the dependent variables; 
Fig. 1. Right upper limb in HAS. 
Fig. 2. Moleskin strips on sole of shoe. 
therefore, cadence was not a confound-
ing variable. 
The main research questions posed by 
this study are answered in Tables 2 to 5. 
In this type of analysis, the main effect 
for conditions of gait tests whether the 
different types of assistive devices made 
a significant difference. Note that the 
main effect for conditions is significant 
in all analyses. In other words, the type 
of assistive device caused significant dif-
ferences for right stride length, left stride 
length, right step length, left step length, 
step width, right foot angle, and left foot 
angle. 
Order showed no significant main ef-
fects. Small but significant interactions 
existed between the order of presenta-
Volume 65 / Number 8, August 1985 1189 
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Two-way Analyses of Variance for Right and Left Stride Length 
Gait Characteristic 
Right stride length 





















































Two-way Analyses of Variance for Right and Left Step Length 
Gait Characteristic 
Right step length 




















































tion and conditions for stride, step 
lengths, and step width. This signifi-
cance means that performance in one 
condition varied somewhat depending 
on the conditions following or preceding 
it. 
Newman-Keuls post hoc analyses 
identified the specific conditions that 
were different from each other. They 
showed that wearing both the HAS and 
the AFO at the same time caused signif-
icant decreases (p < .05) in left and right 
stride length and in left step length. This 
combination of assistive devices also 
caused an increase in step width and 
both foot angles in comparison with the 
values obtained when no devices were 
worn (p < .05). The most significant 
changes were noted in foot angles (p < 
.01). The post hoc analyses also showed 
that wearing the AFO alone caused sim-
ilar changes in comparison with wearing 
no devices: a significant decrease in left 
stride and right step lengths and an in-
crease in step width and both foot an-
gles. 
Wearing the HAS alone did not cause 
any statistically significant changes from 
normal gait values in the characteristics 
measured. A trend was noted, however, 
toward a small deviation in the direction 
of a decrease from normal values for 
stride and step lengths and an increase 
for step width and foot angles. 
DISCUSSION 
Statistical significance does not nec-
essarily imply clinical significance of 
great magnitude. The means presented 
in Table 1 indicate that the four condi-
tions did not differ profoundly from 
each other. This study found statistically 
significant but not profound differences 
between gait in the AFO and 
AFO+HAS conditions and gait in the 
condition in which no devices were 
used. Although the AFO and the 
AFO+HAS conditions were essentially 
similar, the shift in significance from the 
left step for the AFO+HAS to the right 
step for the AFO alone was unaccount-
able. The HAS did not contribute to the 
significance of change, although some 
changes in values were noted with its 
use. The changes in gait characteristics 
were apparently induced predominantly 
by the AFO. We point out, however, 
that the results cannot automatically be 
generalized to all other types of short leg 
assistive devices. 
This study was designed to identify 
the changes made by the AFO and HAS 
in selected gait characteristics. From the 
data gathered, a researcher might also 
look at the reason these changes oc-
curred. In our study, cadence was held 
constant, but velocity was not. With a 
constant cadence, a decrease in step 
length yields a decreased velocity. Other 
investigators have shown that an inter-
action exists between velocity and the 
gait characteristics of step length, step 
width, and foot angle.10,12,13 As velocity 
increases from the subject's customary 
gait, step length increases while step 
width and foot angle decrease. Decreases 
in velocity from customary gait might 
be expected in step width and foot angle. 
From this study alone, we cannot deter-
mine whether the AFO caused a change 
in velocity, which then affected the gait 
characteristics, or whether the initial ef-
fect of the AFO was on the gait charac-
teristics themselves. 
The observed changes may also be 
attributable to changes other than in 
velocity. The "push" of the braced limb 
may have had a restriction. Simkin et al 
identified this restriction as an impor-
tant factor in forward motion.17 Simi-
larly, the AFO may have limited the 
description of the two intersecting arcs 
of foot and ankle motion. Other inves-
a Significant at p < .05. 
a Significant at p < .05. 
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tigators have shown these arcs to be 
important components of the foot-knee 
mechanism—a major determinant of 
normal gait.7,11,14,18 Possibly, wearing 
the AFO on one side required a mutual 
compensatory effort by both lower 
limbs. This explanation of the role of 
compensation lends support to the the-
ory that early osteoarthritic changes in 
the unbraced limb may be linked to 
bracing.9 Such compensation may have 
led to changes in distance gait charac-
teristics. Changes in foot angle may be 
an attempt by the body to maintain 
comfortable balance while walking. 
Other possible ways of accounting for 
these changes might be a consideration 
of the ranges of joint motion, the mus-
cles involved, the loading factors, and 
energy expenditure. Ultimately ac-
counting for the causes of change was 
not within the scope of the study. 
CONCLUSION 
Our study found that the commonly 
recommended AFO has significant ef-
fects on the normal distance gait char-
acteristics of right-dominant male sub-
jects. These effects were most pro-
nounced when the AFO was used in 
conjunction with the HAS. The HAS 
alone had little, if any, effect on distance 
gait characteristics. The AFO signifi-
cantly reduced stride and step lengths 
and caused significant widening of the 
step width and foot angles in healthy 
subjects. The study provided documen-
tation of the optimal level of function 
that can be achieved in terms of distance 
gait characteristics when the universal 
double-upright short leg brace is used in 
conjunction with the traditional hemi-
plegic arm sling. Consequently, the data 
may serve as a basis for goal setting 
when these devices are used in the clinic, 
considering, of course, the extent of the 
patient's orthopedic and neurologic def-
icit. In future studies, further informa-
tion may be obtained by controlling the 
velocity of walking and by performing 
the test on non-right-dominant subjects 
and subjects of different age groups. 
The study was not intended to dis-
credit the use of assistive devices for 
patients, and the results cannot be gen-
eralized to all other assistive devices. 
Rather, it indicated that the aim of re-
habilitation efforts should be to achieve 
an appropriate optimal functioning 
level. 
TABLE 4 
































Two-way Analyses of Variance for Right and Left Foot Angle 
Gait Characteristic 
Right foot angle 
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